Abstract-Present
I. INTRODUCTION
Kuwait's marine environment is a unique ecosystem, characterized by a variety of habitats and wildlife and that clearly manifested in the northern part of Kuwait's waters and Kuwait Bay, the most unique ecosystem in Kuwait's territorial waters. Kuwait Bay is one of the most prominent features of Kuwait's marine environment. Kuwait Bay, a highly productive ecosystem, provides various services including provisioning, regulatory, supporting and cultural services. Kuwaiti waters particularly the Kuwait Bay are rich in a diversity of species that had supplied about 40% to 50% of the country's food demand [1] . Based on textural characteristics of its sediments, Kuwait Bay is divided into two energy zones. The first is a low-energy zone that includes most of the Bay, with primarily mud sediment. The other zone is a moderate-energy zone restricted to the southern offshore area with primarily sand and sandy deposits [2] . The maximum current speed was recorded at approximately 1 m/s at the Bay entrance, with the currents slowing towards the western portion of the Bay to < 40 cm/s [1] , [3] . During the last few decades, Kuwait's marine environment experienced adverse incidents on a regional and local scale threatening the quality of water and the ecosystem in general. One of the Manuscript received January 26, 2014; revised May 6, 2014 . This work was supported in part by the Kuwait Environment Public Authority and Arabian Gulf University.
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local stressors is a steady growth in population, effectively doubling in 30 years. Due to the extensive aridity of the land and the lack of agricultural resources, most of population has been forced to concentrate in the coastal zone, particularly the southern coast of Kuwait Bay [4] . To meet the population's needs, many governmental and private sector facilities, such as desalination plants, power plants, recreational facilities, hospitals and other urban and industrial facilities, have been constructed along Kuwait Bay's coast. Most of these facilities discharge their effluent directly into the Bay causing severe burdens on Kuwait Bay ecosystem. On regional scale, the discharges from Shatt Al-Arab also play significant role in variability of water quality of Kuwait marine environment in general and Kuwait Bay in particular [5] - [7] . Kuwait Environment Public Authority (KEPA) regularly has been collecting and monitoring the water quality of Kuwait Bay from six stations cover the Bay since 1985. In recent years, multivariate analyses such as cluster and principle component analysis have been widely applied to evaluate the temporal and spatial characteristics of water quality. Several studies [8] - [11] have classified the monitoring stations based on selected water quality parameters to determine and identify the most stations affected by pollution in a water system. Additionally, cluster analysis has been used to optimize spatial sampling strategies by reducing the number of sampling stations and the costs of analyzing [8] , [12] , [13] . Principal Component Analysis (PCA) has been widely applied to reduce the amount of water data and summarize the statistical correlations among water quality parameters, with a minimal loss of the original information [14] . PCA, as the multivariate analytical tool, is used to reduce a set of original variables and to extract a small number of latent factors (principal components, PCs) for analyzing relationships among the observed variables [15] . In order to communicate, simplify and reduce the amount of water quality data, Water Quality Index (WQI) was calculated. The aims of study are (i) assessing water quality of Kuwait Bay on spatial and temporal scope. (ii) Identify the main pollution sources affecting the Kuwait Bay ecosystem.
II. METHODOLOGY
A. Study Area Kuwait Bay (see Fig. 1 ) is a semi-enclosed shallow body of water extending approximately 35 km inland. It is an ellipsis-shaped bay at the northwestern edge of Kuwait's territorial waters and covers roughly 750 Km 2 [16] . The means the water depth of Kuwait Bay is 5 m, and the maximum depth reaches 20 m at the entrance to the Bay [1] . 
B. Data Source
The marine water monitoring system of KEPA includes 13 stations throughout the territorial waters of Kuwait, six of which are located in Kuwait Bay. The require data, secondary data, obtained from KEPA for period between January 2009 to November 2011. Water quality data included six parameters: pH, turbidity, Total Suspended Solids (TSS), dissolved oxygen, nitrate (NO 3), phosphorus (PO 4 ) and water temperature. The KEPA data matrix contains 1,260 measurements (34 months, 6 stations, 6 parameters). The hydrolab multi-parameters field instrument was used to measure the pH and water temperature. The procedures to measure concentrations of turbidity, TSS, dissolved oxygen, NO 3 , and PO 4 were based on reference [17] . The water quality parameters were assessed by KEPA guidelines and standards. Water quality of Kuwait Bay is assessed using a weighted arithmetic index developed by [18] . Each individual water quality parameter is transformed into a unit-less sub-index value using Q-value charts illustrated by reference [19] . After that, the sub-index for each parameter was multiplied by its weights (Table I ). The mathematical expression to calculate overall WQI is given by:
C. Calculation WQI
where wi is the weight of ith parameter and Qi is sub-index for ith water quality.
D. Cluster Analysis
Hierarchical agglomerative cluster analysis (HACA) is commonly used to classify variables (cases) into clusters with high homogeneity within classes and high heterogeneity between classes. In this study, HACA was performed on the normalized data, using Euclidean distances to measure the similarity among parameters, and Ward's method to link the clusters to each other [20] .
E. Principal Component Analysis (PCA)
PCA has been widely applied to reduce the amount of water data and summarize the statistical correlations among water quality parameters, with a minimal loss of the original information [14] . PCA, as the multivariate analytical tool, is used to reduce a set of original variables and to extract a small number of latent factors principal components for analyzing relationships among the observed variables [15] . Before applying principal component analysis, the data must be examined for suitability using Kaiser-Meyer-Olkin (KMO) statistics and the Bartlett's test. Those tests are measures of sampling adequacy that use the proportion of variance. The KMO value must be greater than 0.5, and the significance level of the Bartlett's test must be less than 0.05 [22] , [23] .
The number and importance of uncorrelated principal components extracted from the water quality parameters are presented in a scree plot. When the eigenvalue of a principal component is equal to, or greater than, 1, the result of the principal component analysis is considered significant [24] , [25] . To minimize the variations among the variables for each factor, the factor axes were varimax-rotated. Rotating the principal components can produce a meaningful representation of the underlying factors by decreasing the contribution of variables with minor significance and increasing the contribution of those with more significance [26] . Table II represents Occasionally, low values of dissolved oxygen are associated with organic matter degradation or low mixing of the water column, particularly during hot and calm summer months [1] . Maximum concentration of dissolved oxygen was recorded at station Z05 which is located near to Arabian Gulf where water mixing well. The concentrations of dissolved oxygen during red tide outbreak on October 1999 ranged from 3.07 to 5.05 mg/l [27] . Mostly, high dissolved oxygen concentrations are associated with peak primary production rates [1] . The dissolved oxygen in Kuwait Bay was distributed uniformly across depths [28] . As it known, the dissolved oxygen is an important indicator of aquatic life and water quality. The variability of dissolved oxygen has noticeable effects on behavioral process in fish such as feeding, swimming and migration [29] . The dissolved oxygen concentrations reached critical levels, below KEPA standard, for all six stations, indicating heavy pollution, possibly due to Mishref pump station broke down in late 2009. Prior the Mishref station breakdown, huge quantities of sewage were discharged into marine environment to reduce the overload on station.
III. RESULTS AND DISCUSSION

A. Summary Statistics of Water Quality Parameters
The mean pH in Kuwait Bay is 8.4 ranged from 7.7 to 9.8, nearly within the range documented by reference [1] . The maximum value was recorded at station Z03 in December 2010, while the minimum value was reported at station Z06 in October 2010. The spatial variation in pH values is not statistically significant, indicating the high buffering capacity of Kuwait's waters. There are no significant differences in the pH values with depth [1] . The range 6.5-8.5 is acceptable according to KEPA standards.
The mean seawater temperature of Kuwait Bay is 23.8 º C, with a minimum of 12.38 º C in January 2009 and a maximum of 34.8 º C in August 2010. Highest seawater temperature reported was 36 º C in August 2001 [1] before a massive fish kill event in September. Fluctuations in seawater temperatures (up to 24º ) mainly due to seasonal variations. Reference [1] stated that the seasonal difference could exceed 25 º C. The vertical stratification in seawater temperatures with depth was reported at stations deeper than 12 m depth with difference between surface and bottom layers about 6 ºC . Anthropogenic activities have significant impacts on marine environment by increasing seawater temperature. Reference [30] found that the seawater temperature in Kuwait Bay has increased by an average 0.6 º C per decade, about three times higher than the global average rate reported by the Intergovernmental Panel on Climate Change (IPCC). Moreover, he concluded that desalination and power plants contribute by 13% of decadal increasing in the seawater temperature in Kuwait Bay. Seawater temperature is one of the key indicators that affect directly the marine fauna and flora and alter its life [31] . High seawater temperature weakens the immune system of low-tolerance fishes and creates unfavorable conditions making potential events of massive Fishkill [32] .
Regarding to water clarity, the mean turbidity of Kuwait Bay is 17.1 NTU, with a range of 0 NTU (undetectable) to 123 NTU. The highest turbidity found in waters at station Z06 located at the entrance to the Bay. The mean concentration of TSS in waters of Kuwait Bay is 14.1 mg/l, with a maximum of 29.1 mg/l at station Z05 in July 2010 and a minimum of 7.6 mg/l at station Z01 in December 2009. Although the waters at station Z05 are distant from most emergency outlets, other pressures, such as reclamation and dredging of the coast, influence the water quality at this station. Reference [33] stated that the water clarity in Kuwait Bay was very low compared to other regional waters, and the waters in the center of the Bay and at its southern entrance exhibited the highest turbidity level in the Bay throughout the year. The water clarity of Kuwait Bay is predominantly affected by turbid water discharged from Shatt Al-Arab [34] , [16] . Furthermore, coastal currents, resuspension of bottom sediment and dust storms in summer also play significant roles in decreasing the clarity of Kuwait Bay's waters [6] .
Concerning nutrients, the mean concentrations of NO 3 and PO 4 in Kuwait Bay were 14.9 µg/l and 52.5 µg/l, respectively. The maximum concentration of NO3, 349.31 µg/l, was documented at station Z03 in January 2009. Annual mean concentration of nitrates in Kuwait waters during 2003 to 2006 was 3.7 µg/l with a range of <0.1 -111.27 µg/l [7] . The level of nitrates are higher in northern water and gradually decrease southward with increasing distance to freshwater influx. The maximum concentration of PO 4 , 1434.3 µg/l, was recorded at station Z05 in November 2009. It was believed that this extreme value in nitrate and phosphate was due to huge quantities of raw sewage discharged into Kuwait Bay via emergency outlets during breakdown of Mishref sewage station in August of 2009. It worth to state that concentration of nutrients (NO 3 and PO 4 ) during two months after Mishref station breakdown have registered high levels in all stations. Generally, nutrients concentrations are highest during winter and spring, as found by reference [1] .Water discharged from Shatt Al-Arab is one of primary sources of nutrients in northern area of Arabian Gulf [35] , [7] , [1] . Moreover, anthropogenic activities, such as discharge of desalination and power plant effluents as well as partially or raw sewage from emergency and storm outlets are Considerably contributing in increasing the input of nutrients in small and vulnerable ecosystem.
B. Clustering KEPA Monitoring Stations
The monitoring stations of Kuwait Bay were classified into International Journal of Environmental Science and Development, Vol. 5, No. 6, December 2014 two main clusters based on WQI values using KEPA data (Fig. 2) . The first group included stations Z01, Z02 and Z03, which are located in the western part of the Kuwait Bay. This area is characterized by shallow and turbid waters as well as slow dilution (Al-Ghadban and El-Sammak, 2005). The water quality at these stations are under pressures of anthropogenic activities mainly from desalination and power plants, ports, recreational, emergency, and water storm outlets. The monitoring stations of the second group (Z04, Z05 and Z06) are located at the eastern portion of Kuwait Bay. The water in this area is exchanged with fresh seawater from the Arabian Gulf at high rate (Al-Yamani et al., 2004) . Recreational activities and developments through reclamation and dredging along the coast are the major types of anthropogenic pressures, along with emergency outlets. The water quality at monitoring stations in cluster two is slightly better than that in the first cluster, in terms of type and quantity of anthropogenic activities, and the natural setting. The KEPA monitoring stations in Kuwait Bay could be reduced from six stations to two, reflecting the shortage of spatial covering of KEPA monitoring stations. 
C. Principal Components in Kuwait Bay
The results of suitability showed positively sings to conduct PCA. The KMO result was 0.53, and Bartlett's test was significant (p<0.000). The Fig. 3 shows the scree plot of eigenvalues for each component produced from PCA. The significant components are the factors that explain the most variation of water-quality in Kuwait Bay. The contribution of each principal component and its Eigenvalue after rotation is presented in Table III . The first three principal components are the most significant principals, which represent 57.9% of the variance in water quality of the Kuwait Bay. The first component explains 23.87% of variance in the water quality of the Kuwait Bay, while the second and third components interprets 18.3% and 15.68%, respectively, of variance in the water quality. Table 5 represents the correlation coefficient between loading of each parameter and their principal components after rotation. Principal component 1 contributes to 23.87% of the variation, and is highly influenced by pH and dissolved oxygen. Principal component 2 is responsible for 18.3% of the variance and is moderately influenced by PO 4 , TSS and NO 3 . The second principal component mainly describes nutrient-rich water discharged mostly from emergency outlets and the impacts of anthropogenic activities along the southern coast. The impacts of river discharge, however, have less effect than those of local pollution sources. The third Principal component regulates 15.68% of variance and had moderate loading on turbidity and NO 3 and strong negative loading on water temperature. The presence of the NO 3 , in two different principal components suggests that there are several sources of nitrogen inputs into the Kuwait Bay ecosystem. The water discharged from Shatt Al-Arab is turbid and nutrient rich [1] , [7] , and that explains the correlation between turbidity and NO 3 in PC 3. 
IV. CONCLUSIONS AND RECOMMENDATIONS
Kuwait Bay is suffering from different kinds of pollutions either from local or regional sources. Most significant influencing factors are desalination and power plant, and sewage outlets along southern coast of Kuwait Bay. In August 2009, the Mishrif sewage pumping station was brokedown due to overload, and huge amount of raw sewage were discharged via emergency outlets into seawaters and Kuwait Bay. The impacts of these incidents was so clear in water quality. Most of water quality parameters were significantly recorded lower values comparing to previous year. Furthermore, the nutrient-rich waters discharged from Shatt Al-Arab negatively or positively affects the Kuwait marine environment particularly Kuwait Bay.
The locations of KEPA monitoring stations have not been updated since 1985. So, the monitoring system needs to develop its spatial strategy for monitoring stations to appropriately cover Kuwait Bay and investigate the impacts of anthropogenic activities that recently took place.
